1
In regard to training structure, residents appear to prefer traditional programs to the integrated 6-year (I-6) program. The most common reasons given for not applying to the I-6 program were lack of commitment to CT surgery as a medical student and uncertainty of adequacy of I-6 training-from the belief that general surgery training is more well-rounded. 2 For general thoracic surgery, the 4/3 and traditional programs were the preferred and more common route compared with the I-6 residents, who nearly all were set on a cardiac career (adult or congenital).
2,3 I-6 programs also increase concern about decreased general surgery operative volume, which emphasizes the need for cooperation and communication between integrated and categorical program directors to ensure adequate training for all residents. 4 Understanding the advantages and challenges of the various educational paradigms, programs continue to modify and improve their curriculum to better address the perceived needs of the specialty and those of the trainees.
Support for Residents' Transition to Training and to Practice
Research this year focused on understanding how to better support CT surgery residents. Throughout the conferences this year, many sessions were oriented toward career planning for residents. The STS Residents Symposium focused on transitioning from residency to a successful practice. At AATS, there was a session entitled ''Survival Guide: Your First Night on Call'' and a Cardiothoracic Careers College-an 8-hour session devoted to important career decisions for any resident, but especially those interested in CT surgery. Yet, in a survey concerning the experience of first-job seeking CT surgeons, the results emphasized the limited guidance in the field for those securing first employment, despite the length and rigor of residency. 5 Residents do not feel well-supported in this regard due to a lack of individually tailored resources. With the projected shortage of CT surgeons by 2030, organizations and residency programs should pioneer programs to assist in the hiring process, if not integrate them into the yearly meetings.
Mentorship Research
Research in the field of medical education continues to highlight the important role that mentorship plays in training. In total, 91% of residents agreed that mentorship is critical to success, but many found that the characteristics they sought in a mentor changed during training. 6, 7 Residents reported that mentorship was lacking in the areas of work-life balance, job assistance, and career advice. 6 Results showed sex differences in mentor qualities sought; men reported mentors were more impactful in teaching technical skills and clinical ability, whereas women valued mentors as role models who assist with networking. 6 However, women in CT surgery, in particular, feel there is a lack of exposure to same-sex mentors at their own institution. Social media could be used to enhance same-sex mentorship across institutions. 8 Early mentorship for medical students has proven to be important in recruitment into CT surgery. Effective strategies have ranged from establishment of a Cardiothoracic Surgery Interest Group, summer scholar programs, mentoring programs for first-year medical students, and hands-on interactive workshops. In establishing a Cardiothoracic Surgery Interest Group program, student responses showed that preset events with early exposure to CT surgery via shadowing and stress-free interaction with faculty could increase preclinical interest in the field. 9 Their results also emphasized that more advocacy is necessary to clear up misconceptions about a career in CT surgery. 9 The Summer Scholars program increased recruitment into the field; of 16 students in the program, 7 matched into surgical specialties with 5 in CT surgery. 10 For 37 medical students in an early mentorship program, 24% went into CT surgery and 5% are pursuing a career in academic surgery. Interactive workshops with high tutor to student ratios resulted in a 42% increase in perceived attraction to the CT specialty following these workshops. 11 These success programs were all particularly motivated by the decreasing applicant pool and projected shortage of CT surgeons. Thus, the result of greater rates of CT trainees as a product of increased interest is particularly promising for the future of CT surgery.
Despite increased recruitment, however, baseline interest in CT surgery is low for female medical students. 12 However, their work suggested greater interest could result if residency programs addressed lifestyle concerns, priorities of family planning, and issues of health disparities. Thus, efforts should be made to address these factors in the recruitment of female medical students.
Opportunities for medical students and general surgery residents interested in a CT surgical career is at an unprecedented and all-time high, due to the generous support of all the national professional organizations and their leadership. Recognition for outstanding research by CT surgery fellows in training is awarded at all the meetings. These activities, offered to nearly 250 students and trainees, include support for travel to meetings, opportunity to research with a mentor, or recognition for excellence in research (Table  1 ). Attendance at meetings remains the most invaluable experience students and residents use for mentorship and exposure to the wide breath of CT surgical experience. The AATS, STS, Southern Thoracic Surgical Association, and Women in Thoracic Surgery provide travel support and mentorship to their respective annual meetings, totaling more than 100 students and residents. The Thoracic Surgery Directors Association sponsored the 10th Annual Boot Camp in Simulation to 40 CT surgery residents from around the United States. 13 This annual event remains popular for both trainees and the over 50 faculty who volunteer their time and efforts to this educational activity.
Simulation
Across the subspecialties of CT surgery, the use of simulation to augment CT surgery education has been drastically increasing. The broad results show that simulation is a useful tool to assist in skill acquisition. In using a technologyenhanced simulation (Figure 1, A) 14-16 for both integrated and traditional residents transitioning into CT training, residents showed objective improvement in providing the specialized care of CT patients and felt more confident following the training modules.
14 In addition, an extensive simulation-based curriculum for CT trainees showed improved confidence and also increased examination pass rates over the 3-year period. 17 Although most simulation research focused on individual skill acquisition, a team simulation approach with CT residents acting as surgeons, anesthesiologists, perfusionists, surgical assistants, and operating room technicians was shown to successfully model real-world scenarios in cardiac surgery and augment resident training. 18 Simulations like these that repeatedly show an increase in confidence and aptitude could ultimately improve patient safety when residents transition into CT training. Thus, researchers should be encouraged
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EDUCATIONAL RESEARCH SPECIFIC TO SURGICAL SUBSPECIALTY Cardiac
Research within cardiac surgery addressed how simulation can be used to improve surgical technique and patient care. Several studies assess the role of simulation in planning and training of specific surgical techniques, like thoracic endovascular aortic repair, minimally invasive cardiac surgery (MICS), and septal myotomy. For thoracic endovascular aortic repair, a simulator was created that enables patient-specific rehearsal using 3-dimensional (3D) models generated from computed tomography data. Patient-specific rehearsal before actual procedures was found to be feasible and realistic but requires improvements in validity and cost to foster implementation in practice. 19 A hands-on education MICS program for surgeons that have completed residency was developed based on the Kirkpatrick Four-Level Training Evaluation Model to capture both qualitative and quantitative data about learning, skill acquisition, and program reactions. The overall program implementation fidelity was gauged using interviews and debrief sessions. The study identified that hands-on sessions covered an important gap in MICS teaching. Based on pre-and postsurvey data, the MICS program improved confidence and average preparedness in participants. 20 A 3D-printing-based simulator of septal myotomy was created to teach septal myotomy to residents. This model received favorable feedback and demonstrated improvement in resident skills, with much benefit garnered from the ability to operate on different patient-specific model hearts (Figure 1, B) . 15 The institution of simulators that provide patient-specific rehearsal opportunities have shown great potential within the field of cardiac surgery.
Much work was been done this year in discovering the best methodologies for using existing simulators in training residents and surgeons. The outcomes of these studies vary with greater time devoted to simulation training as an important indicator of success. Vanderbilt University Medical Center instituted a novel simulation curriculum with didactic sessions and low-and highfidelity simulators of vessel cannulation, cardiopulmonary bypass, and operative procedures, like coronary artery bypass grafting, aortic valve replacement, and ascending aorta replacement for four of their residents. Those in the program endorsed the benefit of this curriculum as facilitating ''earlier technical opportunities in the operating room'' and greater involvement of cardiac surgery faculty. Those in the 4-week curriculum in particular had a large increase in experience in each of the skills emphasized. 21 In a different study of simulation curricula, a multicenter prospective randomized trial of a low-fidelity simulation platform of aortic and coronary anastomoses in senior residents and fellows failed to show a significant benefit in skill improvement as assessed by video. However, this lack of benefit was a result of insufficient use of the simulator by those in the simulator arm of curriculum. 22 The result should reflect less on the impact of simulation on training and more on the specific study design and/or simulator. Though these studies have varying successes in regard to their curricula, both suggest that the more time is spent using a simulator, the more improvement a trainee will have at that skill. 
Congenital
Congenital research addressed enhancing surgical preparation for the vast variety of heart defects. With this unique anatomy and multitude of surgeries, creating realistic and representative educational simulators has been a challenge. New 3D-printed models of hearts with congenital heart defects could provide the solution. These hearts can be used to mimic complex congenital cases like arterial switch, Norwood procedure, and repair of double-outlet right ventricle (Figure 1, C) . 16 Questionnaires based-feedback from 50 participants indicated that there is still work to be done on perfecting the model material, but that this type of simulation was beneficial in improving their surgical skills.
23 3D print-simulation technology is achievable, although still under development. It ultimately has the potential to revolutionize congenital heart surgery education from opportunity-based education to requirement-based standardized education. 23 
Thoracic
Simulation and curricular technology have also been of great interest in thoracic surgical education in regard to developing novel simulators and to implementing skill training. In the realm of novel technology, the videoassisted thoracoscopic surgery (VATS) assessment tool, an assessment tool for VATS lobectomy in a clinical setting, was developed to train surgeons in this technology and further enhance the safety of minimally invasive thoracic surgery. 24, 25 Validity of VATS assessment tool technology was provided through the unitary framework. A cervical esophagogastric anastomosis simulator (CEGA) was developed for resident training to realistically mimic the CEGA operative site to be repaired via side-to-side staples. 26 The CEGA simulator is in the early stages of development with necessary improvements, but fidelity scores derived from surveys of 8 faculty who perform CEGA regularly reflected a global observed average of 3.25/4. Thus, the simulator will continue to be developed for future resident training and eventual testing to determine if it improves patient outcomes.
Outside of simulators, curricular models have been studied to determine their effectiveness for both residents and senior surgeons. The use of online preparatory curricula by thoracic surgical trainees affected the results of inservice training examinations. High-volume users with mid-range initial scores had the greatest improvement. 27 To facilitate the education of more senior surgeons, the 14 B, printed 3D models of septal myectomy, with areas of resection highlighted in black circles, comparing myectomy performed by attending and resident at the beginning (left) and near the end of the study (right). 15 C, Four examples of 3D models used for congenital cardiac surgical simulation (clockwise from top: double-outlet right ventricle, transposition of the great arteries, hypoplastic left heart, tetralogy of Fallot). 16 VSD, Ventricular Septal Defect.
Italian VATS group developed Very Experienced TimehonoUred Surgeons (VETUS), a self-assessment method to facilitate VATS lobectomy skill acquisition. 28 The VE-TUS tool provides a training curriculum for senior surgeons to independently and anonymously acquire VATS skills and receive periodic tests to ensure skill enhancement. Their pilot study, involving 100 surgeons in practice for 10 years or more, demonstrated that VETUS displayed internal consistency and participants were compliant to curricular increases of VATS lobectomy use to 30% to 40% (P ¼ .00029) after the 1-year curriculum.
Operative autonomy is another topic that was studied in thoracic surgery training. When measuring the autonomy of residents in common operations, both residents and attendings expected the same level of autonomy based on survey responses. 29 Autonomy was classified on the 4-step scale: ''Show and Tell'' (1 point), ''Active Help,'' ''Passive Help,'' and ''Supervision Only'' (4 points). Following cases, residents and attendings rated the autonomy the resident demonstrated during the case on the Zwisch Me!! mobile application. Minor cases were associated with the highest autonomy, followed by thoracic procedures, and then cardiac procedures. Overall, there was a one-''step'' rating disparity from the expected (survey-based) autonomy compared to the perceived (Zwisch Me!!-rated) autonomy among senior residents. Thus, an autonomy gap exists between resident and faculty expectations and actual resident autonomy. Although senior residents receive greater levels of autonomy compared with junior residents, they performed only 44% of operations with significant autonomy. 29 When looking specifically at female resident autonomy, evaluations showed a significant bias against female residents across seven integrated and traditional thoracic programs. 30 These autonomy studies indicate that faculty education could aid in fostering autonomy among female residents and help bridge the mismatch in expected and experienced autonomy for all residents.
SUBJECTS IN NEED OF FURTHER RESEARCH Simulator Validity
Many of the studies cited in this paper are preliminary and derived from abstracts presented at the yearly conferences. These simulators should continue to be enhanced and validated through rigorous study such that this technology can begin to be used to improve operative skill and ultimately patient safety. Further study will allow simulation to move forward and gain widespread acceptance in CT training.
Burnout
Physician burnout is a serious problem in the medical field. According to MedScape's yearly survey, 42% of all physicians reported facing burnout. 31 The role of burnout in CT surgery was addressed in an STS session entitled ''Caregiver Burnout.'' Squiers and colleagues 32 discuss burnout further in an Annals of Thoracic Surgery article, noting that CT surgeons are at increased risk for burnout due to the long duration of residency training, high number of hours worked per week, frequent nights on call, and increasing caseload volumes, but that these factors can be mediated through reduction of stressful stimuli and increased resilience seen as the capacity to handle stress. However, there is an overwhelming paucity of research on burnout rates within CT surgery, leaving a lack of knowledge of who is at risk of burnout, the prevalence of burnout within each subspecialty, and how CT surgeons, specifically, can combat this common trend in medicine. Future research should seek to help elucidate the role of burnout in CT surgery.
CONCLUSIONS
Although this is not an exhaustive list of topics concerning education in CT surgery, there has been exciting and significant education-based research presented over the course of the major CT meetings in the 2017 to 2018 academic year. Simulation technology, 3D printing, and medical student recruitment were particularly hot topics this year. Mentorship and support for students and trainees interested in CT surgery remain high priorities for all organizations. With researchers instituting the new techniques and programs discussed in this review, it will be exciting to see their impact on the education of future medical students, residents, and faculty. However, there are many lingering questions to be addressed and improvements to be made that could continue to propel CT surgery forward as a field.
